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COMPLETE SPECEFTCATION 
Process andUpparatus for the Electrolytic Deiohisatidn of 
oalt-Cohtaining Liquids 


We, Nederlandse Organisatie voor 

l\m!! PAST ^' ^ATUURWETENSCHAPPELIJK 

Onmrzoek Ten Behoeve van Nijverheid, 

5 £f^ V W of ^Koningskade.The 
5 Hague, The Netherlands, a body corporate 
organised under the laws of The Netherlands, 
do hereby declare the invention, for which we 
< pray that a patent may begranted: m us, and 
*e method by which it is to be performed, to 
10 be particularly described in and by: the follow- 
ing statement:— . :/ , . .• 

This invention relates to the deionisation 
andxoncentrauon of liquids and particularly to 
1C ™ deionisation or demineralisatibn of water 
15 More particularly the invention -relates to a 
process and apparatus for the deionisation of 
liquids wherein an input of ionic liquid is 
separated into a deionised liquid and a con- 
. centrate, in such a manner as to permit con- 
20 tinuous use and operation oyer long periods of 
time. ••• 

•The deionisation of liquids and in particular 
the demoralisation of water is a problem of 
steadily growing importance, 

A well-known deionisation method is separ- 
ation .of salt from water by distillation in 
which the water is first vapourised and then 
condensed to yield a distillate of a low mineral 
content This method, although frequendv • 
30 used, is costly; 

A second method of deionisation involves 
the use of ion-exchanging substances or materi- 
als, such as cation and anion exchangers, 
' empbyed in series, as by passing water first 


25 


through a bed of anion, exduu^i^ bfiSSS ^SSSSt^ * 


through a bed of anion exchanger, Alter- 
natiyelyi the water can be passed through a 
single bed comprising a mixture of the two 
types of exchanger, a so-called " mixed-bed " 
40 ion exchanger. A drawback of this method 
is that the ion-exchangers used must be regen- 
erated periodically^ and that per equivalent of 
removed salt at least an equiavlent of acid and 
alkali is required. 
45 For some applications use is made of ion- 
exchangers which are capable of exchanging 
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their sodium ions for other metal ions such as 
calcium, thus giving a water which is " soft " 
instead of "hard". 

These ion exchangers must be regenerated 50 
re^ilarly, there is need for special materials 
and equipment, arid they inherentiy involve a 
period ^of shutdown in the softeiung process 

frinallft electfbdialysis is .eihplbyed to an 
ever-jncreasing extent for the deionisation oi 55 
ionic liquid; this process is continuous, but 
when the solutions ; are dilute, very much 
energy -is required for the deionisation owing 
to the high Resistance, so that this process is 1 
J^^forobtainm^ 60 

T^e present invention provides a process for 
trie ^ deionisation of an ionic liquid^ which com- 
prises adsorbing the ibns froth this liquid by 
1 an amoii^exchanger and a cation exchanger dis- 65 
posed between two ion-permeable membranes 
and deionising the exchangers by applying an 
electric current across the rnembranes arid the 
exchangers which causes displacement of 
adsorbed cations and anions through the mem- 70 
cranes to a rising solution on the other side 
or the membranes for regeneration of said 
exchangers. 

The invention also provides deionisation 
apparatus, comprising an anion exchanger and 75 
a cation exchanger, disposed in a deionisation 
Chamber bounded on two sides by ion-perme- 
able* membranes, said chamber being provided 
: TOth m&ns iox the introduction and discharge 
of the liquid to he deionised and the deionised SO 


— Y between the deionisation chamber 
and a rmsing chamber provided with means 
for the ^traduction and discharge of rinsing 
hqmd, means bemg provided for maintaininl 8 5 

tj 0 ^***??** 0 * across the membrane! 
and the deiomsing chamber. 

In carrying out the invention ionic liquids 
are passed through cation-exchangers and 
anton-exchangers* present between ion-perme- o 0 
able membranes, preferably cation-selective 
and amon-selective exchanger membranes res- 
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pectivery, while maintaining an electric poten- 
tial across the exchangers and the membranes, 
whereby the anions and cations are separately 
* removed at opposed sides of the deionisation 
5 chamber. 

The apparatus of the invention can ba 
regarded as being a three- or multi-cell electro- 
dialysis apparatus in which an anion-exchanger 
and a cation-exchanger are present in the 

10 deionising chamber or chambers between the 
membranes. The apparatus can also . be 
employed as a concentration apparatus for 
recovering costly ions from highly dilute4 solu- 
tions. It will be undrstood that if the 

15 quantity of riming Uquid is . small in propor- 
tion to the quantity of hquid deipinised in the . 
deionising chamber, the ions wiU forrri a more 
concentrated solution in the rinsing liquid so 
that concentration then takes place, 

20 Some embodiments of the apparatus accord- 
ing to the inventioa are illustrated in the 
accompanying drawings, in which : — 

Fig. 1 is a diagrammatic vertical sectional 
view of a deionising apparatus according to the 

25 invention, the electrodialysis chamber: being; 
filled with a mixture of anion, and cation 
exchangers, and 

Fig. 2 is a diagrammatic view of a ^portion 
of an apparatus as shown in Figv. 1, but 

30 wherein .the deionising cell contains alternat- 
ing horizontal strata of anion and cation 
exchange resin. 

Fig. 3 is a portion of a diagrammatic hori- .. 
zontal section of a cell, showing a stratum of 

35 anion exchanger and a stratum of cation 
exchanger present in the cell parallel to the 
membranes, and 

Kg. 4 ISA alagrammatic section pip an appar- 
atus, as indicated in Fig* 3, ccunprising more 

40 than one deionising ^chamber. 

In Figs. 1—3, reference numeral 1 repre- 
sents the anode, positioned in anode chamber 
3; 2 is the cathode in the cathSde chamber 4. 
The anode chamber is proivded with an inlet 

45 for electrode, rinsing liquid 7 and with; an out- 
let 8; the cathode chamber with an inlet 9 and. 
outlet 10. 

The deionising chamber 5, provided with 
an inlet IX and an outlet 12, is filled with ion 

50 exchangers, . which are separated by ion-per- 
meable membranes 19, 20 from the adjoining 
rinsing chambers. In the embodiment illus- 
trated in Fig. 1, a mixture of ion exchangers 
is . present ^ between the membranes; in the 

55 embodiment according to Fig. 2 separate 
strata of anion exchanger 15 and cation 
; .exchanger 16 are present; the separating sur- 
faces between the strata are here parallel to 
the current direction. In the' embodiment 

60 according to Fig. 3 there are also separate 
strata of die two exchangers; the separating sur- 
face is here parallel to the membranes. Prefer- 
ably membrane 19 is ahipn-selective arid mem- 
brane 20 cation-selective . 

65 The electrodialysis apparatus as shown in 


Fig. 4 comprises" an anode 1 and cathode 2, 
separated by alternate anionrperrrieableX^mem- 
branes 21 and cation-permeable membranes 
22. Rinsing liquid enters the anode chamr 
ber 3, containing the anode 1^ through an inlet 
7 and leaves through an outlet 8; liquid enters 
the cathode chamber 4, containing the cathode 
2, through an inlet 9 and leaves through an 
outlet 10. 

The liquid to be deionised is fed to the 75 
deionisihg cells 5 via duct 11, which liquid 
leaves the apparatus via duct . 12. These cells 
are filled, with alternate strata of cation 
exchanger 16 and an anion exchanger 15 in 
the direction of flow of the liquid. Rinsing 80 
liquid is fed to the intermediate rinsing cells 
6 through duct 13, which rinsing liquid may 
be the same as the liquid to be deionised, and 
a concentrate is discharged through duct 14. 

The membranes can be made, of materials 85 
such *s material known under the Regis- 
tered Trade Mark ** Cellophane parchment 
or porous ceramic substances, which are per- 
meable to both- cations and anions. ^Better 
results are obtained, however, if the mem- 90 
branes are of the perm-selective type. If a 
deionising chamber filled with - ari ion 
exchanger is bounded by a cation-selective 
•membrane and an : anion-selective ^mem- 
branes ions are indeed removed from the 95 
ddonismg, chamber but no or only a few ions 
are. conveyed from the rinsing chambers to 
the electrodialysis chamber; as in the case of 
an electrodialysis apparatus, with ion-selecuve 
membranes;: 

The thickness of the membranes is not very 
important, proivded they are sufficiently ion- 
permeable and the resistance is not too high. 
Thus the membranes can be of a thickness to 
withstand the pressure . differences which may 103 
exist between the deionising chamber and the 
adjoining chambers or suitable reinforcement 
can be employed to support and stiffen these 
relatively thin membranes. 

The cation exchanger and anion exchanger H( 
can; be various commercially available syn- 
thetic resins which are employed in ** mixed 
bed" deionisation mentioned earlier. In 
general the sulphonic acid type cation exchan- 
gers and the strongly basic anion exchangers, 11! 
e.g. those deriving their exchange capacity 
from quaternary ammonium groups, are found 
to be. preferable as regards exchange 
capacity and rate of ion migration in an 
electric field. 12< 

•The cation and anion exchangers can be 
employed in the hydrogen and hydroxyl form 
respectively or in the salt form. If an : appar- 
atus is filled with the sodium form of a cation 
exchanger and the carbonate form of an anion 12! 
exchanger and hard water is passed through 
this apparatus at a rate faster than electro- . 
dialytic removal of ions takes place, the 
exchangers may temporarily exchange the 
sodium and carbonate ions for other hardness- 
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producing ions to yield a softened water On 
the other hand, if the electrodialysis is carried 
on for some time without flow of water through 
the resin bed of if the rate of flow is sufficiently 
slow, the water fed to the bed can be com- 
pletely deionised. 

It will be apparent, therefore, that the pro- 
cess and apparatus can be particularly adapted 
to deionisatioh of water at a uniform rate as 
well as to deionisation" wheii the demand of 
deionised water' is ihtermittentj since the 
exchanger present has a spare capacity: In 
the latter case .it is necessary to provide a 
quantity of exchanger sufficiently large to 
handle the expected peak load on the usual ion 
exchange principle. Iri handline such a peak 
load the resins may become substantially satu- 
rated with adsorbed or exchanged ions. At 
the same timd under the -influence of the dec- 
trie field part of the adsorbed ions migrate to 
the rinsing chambers. During the periods of 
no demand^ ieV^heii little or ho water is 
passed through the exchangers the Adsorbed 
ions are partialljror wholly removed, as the 
influence of the . electric field causes the 
adsorbed ions to* 'migrate through the per- 
meable membranes, the? exchangers being 
regenerated; 

The potential* difference across the elec- 
trodes and the ciirrent strength depend on 
the same factors as in a normal electrodialysis 
apparatus, viz., on the number of cells, the salt 
concentration / in the dialysate and in; the rins- 
ing liquid, the resistance of the rnerhbranes, A 
the width of the cells, and the l&e, but par- 
ticularly with a dialysate with a small salt con- 
tent, the voltage is considerably lower than 
with a normal electrodialysis apparatus, since 
the resistance of the dialysate chamber is con- 
siderably lower owing to the presence of the 
ion exchangers. 

Hie resistance varies according to the size 
and arrangement of the exchanger particles. 
With a relatively ;small particle size there is 
closer contact between the particles of the 
same exchanger than with particles of larger 
size, thus tendirig;to reduce the resistance. The 
lowest resistance is obtained by arranging the 
exchangers in alternate strata; the scarification 
of the two exchangers is more favourable than 
the use of a mixture of the two exchangers. 

One of the distinct advantages of the pro- 
cess and apparatus according to the invention 
is the lack of attention required after installa- 
tion. Besides, the apparatus for softening or 
deionising water can operate efficiently and 
unattended for months or even years. The 
cost of electricity is low. The power cost will 
of course depend on the degree of deionisation. 

The size of an apparatus depends on the salt 
content ofthe untreated water and the reduc- 
tion desired and also on the peak load to be 
expected. 


Example 

Soil water of the following composition: — 65 

Cl l - - - - 25 mg/litre 
SO," - - - 10 

HOV - - - 74 ~£ 
CO, - - - - 23.4 

Si0 2 - - - 26 „ 70 

W - - - 0.1 " 

Fe - - -• -• 10:0 

Mh - - ' - - 0.19 „ 
- Ga++ - - - 20.6 » 

Mg++ - - - 3.5 „ . 75 
Na + - - - - 16.2 
thus containing 2;56 miUi-equivalents of 
cations per litre and having a specific resist- 
ance of 5.680 n/cm 3 is to be deionised to a 
concentration of 0.0256 milli-equivalents of 80 
salt per litre (spec resistance 560,000 ft /cm 3 ). 
The average' specific resistarice of the dialysate 
in the deionising cell is 26,400 Q/crri 3 ; the 
specific resistance of the dialysate chamber 
(cell 5 width 1 mm) and 2; membranes appfox. 85 
3,100 n/cm 3 . If the current density is I 
mA/ cm 2 , the voltage required per dialysate 
chamber and 2 membranes is 3;08V: The 
voltage across the rinsin| chambers and elec- 
trode chambers (cohntaining concentrated solu- 90 
tion) can be neglectedwith a multicell appara- 
tus. ' ' 

2.534 Grn. equiavlents/m 3 metal ion must 
be removed; at a current yield of 50%^ taken 
on a Coulomb basis, 2x2.534x96,500= 95 
489,062 Amp;sec. are required Involving a 
pbwer consumption of 0.42 kWh per m 3 ; 

If in such a deionising cell a stratum is pro- 
vided with alternate strata of anion exchanger 
Dowex 2 (a polystyrene-divinyl benzene 100 
co-polymerisate, containing quaternary ammo- 
nium groups, the nitrogen being linked to two 
methyl and one hydroxy-ethyl group) and 
cation exchanger Dowex 50 (a co-polymeris- 
ate of polystyrene and divinyi benzene, sul- 103 
phonated in the core), the average specific 
resistance over the same range of deionisation 
is only 3,000 Qcm 3 . In this case it is, how- 
ever, impossible in actual practice to maintain 
a cell width of only 1 mm for which reason it H0 
must be enlarged to 2 mm. 

The resistance of the cell, including 2 mem- 
branes, averaged 740 per cm 2 ; for the 
deionisation of 1 m 3 water with a current den- 
sity of 1 mA/cm 5 and the same current yield 115 
only 0.10 kWh was required. 

It is remarked that with solutions containing 
over approximately 10 milli-equivalents of salt 
per Hire, the difference in resistance between 
a normal cell and a cell which has been filled 120 
with an ion exchanger is only relatively small, 
so that with such a solution the use of the 
apparatus and the process of the invention does 
not offer special advantages. 

With a dilute electrolyte solution the con- 125 
ductivity decreases substantially in proportion 
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to the concentration. However, this is no 
longer the case for the combination of dilute 
solutions with an ion exchanger and in this 
case the conductivity does not fall below a cer- 
5 tain limit. So if concentrated solutions are 
to be deiomsed to a yery low salt concentration 
it is preferred first to deionise electrolyticaUy 
as longas the liquid has yet a sufficient con- 

in SfT?* ^ to ^ out Ae latter P 3 * of 
10 the deionising process in an apparatus accord- 
ing to the invention. 
What we claim is:— 

I ftow for the deionisation of an ionic 
hquriwkcfc^^ 

15 this ^hqiHdbyaiL^ 

exchanger disposed, between two ion-permeable 
membranes and deionising the exchangers by 
applying an electric current across the mem- 
branes and the exchangers which causes dis- 

20 placement of adsorbed cations and anions 
through the ^membranes to rinsing solution on 
the other side of the membranes for regener- 
ation of said exchangers. 

-i* ^i:^?^ 5 ^ f ] ^5 d m Claim 1, wherein 
25 thehquid to be deiomsed is brought hito con- 
tact with an anion exchanger and a cation 
exchanger arranged in strata. 

3. Process for the deionisation or concen- 
tration of ionic liquids substantially as des- 
30 cnbed with reference to the example : 


4. Deionising apparatus, comprising . an 
anion exchanger and a cation exchanger dis- 
posed in a deionisation chamber bounded on 
two sides by ion-permeable membranes, said 
chamber being provided wim means; for the J5 
mtroduction and discharge of the tiquid to be 
deionised and die deipnised liquid respectively 
each membrane forming a boundary between 
the : deionisation chamber and a xmsiig ^ cham- 
ber provided with means for me introduction 40 
and discharge of rinsing liquid, means being 
provided for maintaining a potential difference 
across the membranes and the deionising 
chamber; " 6 

5. Apparatus as claimed in daim 4, wherein 45 
an anion selective membrane is present on the 
anode side of the deionising. chamber and a 
cation-selective membrane on the cathode side. 

A Apparatus as claimed m Claim 4 or 5, 
wherein the anion exchanger / and I cation SO 
exchanger are present as separate strata. . 

Deionising apparatus substantially as des- 
cribed with reference to th£ accompanying 
drawings. * 
ELKINGTON & FEFE, 
Consulting Cheniists and 
Chartered Patent Agents, . 
Bank Chambers, 329, High jHolborn, 
London, W-C1> : : 
Agents; for the Applicants. 
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